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NATIONAI ADVISORY COMMITTEE FOR AERONAUTICS

RYSEARCH MEMORANDUM

TRANSONIC AERODYNAMIC AND TRIM CHARACTERISTICS OF A
MULTI-ENGINE DELTA-WING AIRPLANE MODEL

By John M. Swihart and Willagrd £. Foss, Jr.
SUMMARY

An investigation of three models of a delta-wing airplane designed
fo long-range subsonic cruise and a supersonic dash has been conducted
in the Langley 16-foot transonic tunnel. \A two-engine version of the
airplane was tested at essentially zero ¥ift and it was found to have a
high transonic drag rise. The two four-engine models were designed
eccording to area-rule concepts to have better performance characteris-
tics then the two-engine model. The four-engine delta-wing airplane
models were similar in all respects except that one had a plane delta
wing with full-span elevons and the other had a canmbered delta wing with
partiagl-span elevons. The Mach number range of the investigation was
from 0.70 to 1.06 and the Reynolds number range was from 8.5 X 106 to
13.3 X 106 based on wing mean aerodynamic chord. The angle-of-attack
range for the four-engine models was varied from about —30 to a value
necessary to cbtain a lift coefficient of about 0.%. Model trim char-
acteristics were obtained on the four-engine versions by deflecting the
elevons from O° to -2° ard -4°. Boith four-engine models were tested
with four single-engine nacelles and two twin-engine nacelles.

The results of the investigation indicated that the four-engine dedtda~
wirg 2irplane models hzd gqonsiderably lower transonic-drag-rise increments
than the two-engine rodelébput did not achieve the low transonic-drzg-rise
increment of a similar four-engine delta-wing configuration with a nearly
parabolic axial distribution of cross-sectional area. The higher drag
rise of the four-engine delia~wing airplane models compared with the more
idealized four-engine configuration was attributed to an auxiliary hori-
zontal zerodynamic surface in close proximity to the wing and to other
dissimilarities including wing incidence of 30, canopy, increase in wing
thickness ratio, landing-gear fairings, afterbody shape, and different
distributions of cross-sectional area above and below the wing-chord plane.

/The cempered-wing models had higher values of maxirum lift-drag ratip
than the‘blane-wing models throughout the Mach number range investigatedaj>
The cambered~wing twin-engine nacelle configuration had the highest value
of maximum lift-drag ratio for Mach numbers below 0.92. For trimmed
flight with a static margin 3 percent of the mean aerodynamic chord at a
1ift coefficient of 0.25 (near cruising 1ift coefficient), the cambered-
wing twin-engine nacelie configuration had highest 1lift-drag ratio and
negrly constant elevon deflection over tkhe Mach number range investigated.
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INTRODUCTION

Earlier tests of & two-engine delia-wing airplane model designed
for & lorg-range cruising flight and a supersonic dash indicated a high
zerc-1ift drag rise tkrough the transcnic speed range. In an effort to
reduce the drag rise of this {two-engine airplane model, a four-engine
delta~wing configuration (rmodel 1 of ref. 1) was designed pased on the
concepts of reference 2 to have an axiel distribution of cross-sectional
area sirilsr to that cf a paratolic body of revolution with a fineness
ratio of Q. Data from the free-flight test of thie configuration indi-
cated a considerably lower zero-lift drag rise than the original two-
engine delta-wing airplene wodel. Further evidence to support the area-
distribution concerts for model 1 of reference 1 was optained when tests
cf a body of revolution having the same axial distribution of cross-
sectional area yielded almcst the same vslue of drag rise (ref. 1).
These results led to the design of a four-engine delta-wing airplane
rmodel with ar areag distribution very similar to that of model 1 of ref-
erence 1 but incorporzting some deviations necessitated by practical
aircraft design.

The earlier investigation of the two-engine delta-wing airplane
model to determire the zero-1ift drag rise was made in the Largley
16-foot transonic tunnel and is reported hereir for comparison purposes.
Two versions of the redesigned four-engine delta-wing airplane model
have been investigated at lifting conditions in the Largley 16-foot
transonic tummel. The investigation of the four-engine delta-wing air-
plane models was to determine the rise in minimum drag coefficient with
Mzch nunicer and to evaluate the trim characteristics of several wing and
racelie configurations in the transonic speed range. The effects of
racelles znd various serodynamic surfaces attached to the droppable store
(flush mcunted beneath the fuselage) or the trgnscanic rise of minimrum
drag coefficient were also investigated.

The two four-engline delta-wing alrplane models were similar in all
respects except that one had a plane delta wing with full-span elevons
arnd the other nad z carbered delta wing with partial-span elevons. A
carbered~-wing model was used for the present investigation because of
the expected Lower values of drag at lifting conditions (refs. 3 and h)
thet mignt be attained in comparison with the plane-wing model. 3Both
the four-erngire models were tested with four single-engine nacelles and
two twin-engine nacelles, hereafter referred ito as "split" nacelles and
"Sizmese" nacelles, respectively. The Siamese nacelles were considered
advantagecus from a power-package assessment even though the model with
these nacelles hkad a less favorable cross-sectional area distribution
thah the model witl split nacelles and, therefore, might be subject to
higher values cof drag rise.
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All configurations, the two-engine model and the four-engine models,
were tested at an elevon deflection of 0°. The Mach number range for the
two-engine model was from 0.80 to 1.06 and the corresponding Reynolds
number range based on the wing mean aerodynamic chord was from 12,3 X 10
to 13.3 X 106. The Mach number range for the four-engine models was from
0.70 to 1.06 and the Reynolds nurber range based on wing mean aerodynamic

chord was from 8.5 X 106 to 9.3 X 106. Additional tests were also made
at elevon deflections of -2° and -4° for most of the four-engine model
configurations in order to determine the rmodel trim characteristics. The
angle of attack for the two-engine model was masintained very near to o°
in order to maintain zero lift over the Mach number range. In general,
the angle of attack of the four-engine models was varied from about -3°
to a vaelue necessary to obtain a 1ift coefficient of about 0.3.

SYMBOLS
A cross-~sectional ares
AR aspect ratio
B base area
b wing span
affiecd _g_ = - -
Cp drag coefficient, 35 = Cpp =~ Crg = Cpq
CDT balance-measurement drag coefficient
. o PpB i
Crp base force coefficient, = cos(a + 1)
Cry nacelle internzl-force coefficient,
m{Vo - VE) - Ag(og - P
( ) ( = o) cos{a + 1)
QoS
Cy, 1ift coefficlent, L/qgS
Cp pitchirg-morent coefficient, M0.35cr/qoscr
Cmo' pitching-moment coefficient for zero 1ift
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rmean aerodynemic chord
externzl drag

angle between nacelle center line and fuselage reference line

model length

pitching morment about 0.35c'

Mach nurber
mass flow

point mass-flow ratio, pEVE/poVo

Pioeal = Po
%%

pressure coefflcient,

static pressure

dynamic pressure

Reynolds nurber

wing areas

velocity

distance from wing leadirg edge

distance to rear of nose

model angle of attack measured from fuselage reference line
deflecticn angle of elevon, positive down

mass dernsity

Slope parameters:
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MOD=L DESCRIPTION

Two-Engine Model

A sketch of the two~engine delta-wing airplane model is shown in
figure 1 and dirensions for the model are given in table I. The model
was constructed of magnesium and mshogany. @ The wing had a delta plan
form with the leading edge swept back 65° and NACA 65A00L airfoil sec-
tlons parallel to the plane of syrmetry. The fuselage and the droppable
store (hereafier referred to as a "pod") were designed to separate on
the perting line shown in figure 1. A photograph of the two-engine delta-
wing airplane model mounted in the tumnel is shown as figure 2. The
nacelles were set &t an sngle of inciderce of -2.13° with respect to the
wing.

Figure 3 shows the nacelle configuration with the central spike
inlet and table II gives the nescelle and nacelle central spike dimensions.

Four-Engine Models

Fuselage and droppable pod.~ A schemsztic diagram showing model
details is presented in figure 4 and additional details of the model
georetry are given in table III. The fTuselage-vod combination shown
in figure 4 is indented for a Mach number of 1.00 in accordance with
the area-rule considerations as given in reference 2. The droppable
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pod is attached to the undersuriace of the fuselage and the pod aero-
dynanic controls consist of a canard od Wwin and pod ventrsl fin.
) >

Plane-wing model.~ The plane-wing wodel had 60° sweep of the wing
leading edge, -10° sweep of the wing trailing edge, 3° of incidence, an
aspect ratio of 2.1, and incorporated NACA 000k, 08-63 girfoil sections.
5cl1lid magnesiur construction with an overlay of bonded mahogany over the
miderord sections was employed on the delta wing which had full-span
elevons and provisions for mounting either Siamese or split nacelles.

Cambered-wing model.- The cambered-wing model was similar in =11
respects including construction material to the plane-wing model except
for the leading-edge camber (15 percent of the local semispan, see
tig. 5) and the smaller elevon area of the cambered wing. The leading
edge of the wing was drooped 2.86 percent of the local semispan to pro-
vide a nearly elliiptical spanwise loading at the design l1ift cceffi-
cient (0.22) and Mach number (1.414). The elevons on the canbered wing
extended to T79.7 percent of the wing semispan. For additional details
of the canbered-wing design, see figure 5 and table IV.

Split nacelles.- Four separate nacelles (designeted herein as
"split nacelles” to derote a single-ergine ducting system) were mounted
in an identical manner on both the plane or cambered wing. The split-
nacelle configuration (fig. 4) consisted of: (a) two inboard pylon-
mounted nacelies suspended at 40.30 percent of the wing semispan with
the longitudinal axis parallel to the wing chord (fig. 6 and table V),
ard (b) two outboard nacelles mounted flush on the upper surface of the
wing et 64.63 percent of the semispan and at an angle of incidence to
the wing chord of -3° (fig. 7 and table VI). All split nacelles were
made of magresium and had the same internal contour (table v

Siamese nacelles.- The Siamese nacelles (the term "Silamese nacelle"
denotes & mated pair of engine ducting systems ) were suspended from the
lower surface of each wing parallel to the chord plane on a pylon at
45.72 percent of the semispan (fig. 8 and teble VII). The same internal
contours were maintained for the Siamese nacelle ducting as for the
split nacelle.

Photograrhks showing three-quarter” front views of the plane-wing
model with split nacelles and the cembered-wing model with Siamese
nacelies are given in figure 9. TFront views of the same configurations
are presented in figure 10. Photographs showing the pod-wing location
ard the manner in which the pod wing was faired to the main wing are
given in figure 11, The tip sections of the faired pod wing are located
inside the landing~gear falrings as Indicated by the dashed lines on the
Tigure.
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TESTS

Tests of a two-engine delta-wing airplane model and two four-engine
delta-wing airplane models have been conducted in the Langley 16-foot
transonic tunnel. The operational and flow characteristics of the wind
tunnel are given in reference 5.

The force tests for the four-engine models were conducted at Mach
nurmbers from 0.70 to 1.06 and et Reynolds numbers from 8.5 to 9.3 X 10
(fig. 12). TFor the two-engine model the angle of attack was kept very
close to O° to maintain zero 1lift over a Mach nunber ragnge from 0.80
to 1.06 and at Reynolds nurbers from 12.3 to 13.% X 106. In general,
the angle of attack of the four-engine model was varied, at a given Mach
number, from sbout -3° to & value necessary to produce & 1ift coefficilent
of about 0.3. This 1lift coefficient was slightly higher tnan the design
transonic cruise lift coerfficient of 0.25. The four basic configursations
(plane-wing split nacelles, plane~wing Siamese nacelles, cambered-wing
split nacelles, and canbered-wing Siamese nacelles) were tested through-
out the Mach nunriber range for an elevon deflection of 0°. The plane-
wing split-nacelle, cambered-wing split-nacelle, and the cambered-wing
Siagmese nacelle configurations were zlso tested a2t an elevon deflection
of -2° and -4°. Additional tests were conducted throughout the Mach num
ber range at an elevon setting of o° for the plane wing with outboard
split nacelles removed and for the plane and cambered wings without
nacelles. There was air flow through the ducts for all nacelle-on tests
on both the two-engine and the four-engine models. A drag breakdown for
the four-engine models was ovtained by testing the plane~wing split-
nscelle configuration with various pod corponents removed (canard, pod
wing, and pod ventral fin shown in fig. 11(a)). One test was made with
the pod wing faired to the main wing for the plane-wing split-nacelle
configuration (fig. 11(b)).

Pressure tests to determine base pressure coefficient and nacelle
internal-force coefficient were made simultanecusly with the force tests
for the two-engine airplane rodel. Pressure tests were made separately
from tne force tests but throughout the same angle-of-attack and Mach
numberorange for the four-engine models with elevon deflections of o°
and -L4°.

METHODS

Instrumentation

' The force data for the models tested were obtzined from an inter-
nally mounted six-compconent strain-gege balance. Fuselage base-pressure
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forces, nacelle base-pressure forces, and nacelle internal forces were
deterrined from pressure measurements. Internal pressures were measured
near the exits of both nacelles on the two-engine model and near the

exit of one imboard split recelle and one duct of a Siamese nacelle on

the four-engine model. Choked flow was obtained in the nacelles of the
four-engine models at Mach nunkers above 0.95 by using a ratio of exit
area to inlet grea of 1.10. This ratio in corbination with the exiernal
nacelle contour resulted in an snnular base on each nacelle. (See fig. 6.)

Data Reduction

An automatic punch-card system was used to reduce the force data to
coefficient form. All force datas presented in this report have been
adjusted for base-pressure forces and nacelle internal forces. TFigure 13
shows the variation of pod base-pressure coefficient and nacelle internal-
force coefficient with Mach nurber for the two-engine delta-wing airplane
model.

The values of base-force coefficient, internal-force coefficient,
ard point mass-flow ratio for eleven settings of 0° are presented in
figure 14 for the four-engine models as a function of angle of attack
for the test Mach nurbers. In general, the base and internal forces
were about the same a2t an elevon deflection of -4° as at the setting
of 0°. The measured values of base-force coefficient and internal-force
coefficient were used to adjust the force dats.6 and the -2° elevon data
were obtained from an average of the 0° and -4° elevon data.

No correction has been msde for sting tares. At the present time,
it is believed such effects would be small.

The angle of attack for the four-engine delta-wing airplane model
has been corrected for balance and sting deflections and for a tunnel
upflow argularity of 0.4° thet was invariant with Mach number.

In addition to the corrections already indicated, the values of
dreg coefficient presented in this repori, other than the basic data
(shown in figs. 15 to 19) have been adjusted for tunnel-wall reflected-
wave disturbances. This adjustment was made by crossplotting the basic
drag data egainsi Mach nurber and then fairing a curve lower than the
basic data in the Mach rurber range from 1.00 to 1.06 where a maximum
drag-coefficient-adjustment value of 0.0015 at a Mach number of 1.04 was
employed. This value (0.0015) is based directly on & correlation of
free-flight tests of the two-engine delta-wing airplane model and the
present data for the two-engine delta-wing airplane model at zero 1lift,
This same adjustment wss assumed to apply for the four-engine models and
at lifting conditions.
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Accuracy

The values presented in the following table indicete the maximum
error that may be present, including 211 errors that were detected
throughout the process of recording, reducing, and presenting the data
ir its final form.

CI, « ¢ o o o o s o o« o s o o o a s o s s a s a s o s o s « a o o T0.005
CD ¢« ¢ ¢« ¢ « o ¢ « o « s s a &« o o o o a a a a a s « a s« s o « « 0,001
Cil o ¢ o @ o e o o o 2 o o o« e« o o a o o a = a s a = « o o « & « EO.0005
M & e e e 6 6 o o a @« s @ a s ¢ s a o e« s 8 s 0o s s s e e o« o *0.005
Gy A o « o o o o o o o ¢ s 4 a o o « o o s & o v 2 4 4 o & & o 0.1

iy «a @& @« o s = e @& @& © & a s e s+ a *« e e ® a ® & # e @ & o & e = to- 005

The repeatabllity of the aerodynamic coefficients was better than
the indicated accuracy. It was found that the drag coefficient, for
example, repested within £0.0005.

RESULTS

The results of the investigation are presented in figures 15 to 31.
Basic aerodynamic characteristics are presented for all of the four-
engine delta-wing airplane model configurations tested. The zero-1lift
drag data for the two-engine delta-wing airplane rodel are presented in
comparison with the four-engine delta-wing airplane-model drag data.

The variation of slope parameters with Mach number is generally shown
for only the Four-engine basic configurations tested. The lift-curve
and piteching-moment-curve slopes were obtained from straight lines
averaging that portion of the curves bhetween a 1lift coefficient of O
and 0.3. All reference to the transonic rise in drag coefficient in the
following discussion is for the Mach nunber range from 0.90 to 1.0k,

The free-siream-tube area conteining the mass flow entering the ducts

at M= 1.0 has been subtracted from all area diagrams presented. An
indication of the data presented in figures 15 to 31 is given in the
following table:

Figure

Basic aerodynamic characteristics (a, Cp, and Cp against CL) « « 15 to 19
Drag-rise plois and srea diagrams <« « « o « ¢ ¢ o« ¢« o « o« « « « 20 t0o 22

Effect of wing camber on drag coefficient .« « o« o« ¢ ¢« « « « « & 23
Effect of canber on drag due to lift 2t M = 0.90 &« ¢« o « « « « &« 24
Vatiation of maximum lift-drag retio and lift coefficient for

meximum lift-drag ratio with Mach nurber . « ¢ ¢« ¢ ¢ o « o o & 25
Varistion of lift-curve slope with Mach NUIDEYr « ¢ « ¢ o « o « « 26
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Figure

Variation with Mach number of the zero-1lift pitching-moment
coefficient, the slope of the pitching-moment coefficient
against lift-coeificient curves, and the pitching-moment
coefficient at a 1ift coefficient of 0.25 . &« ¢« ¢ ¢« « « » « 27 t0o 29

Elevon effectiverness paraneters « « « « « o o « o o o o o o & 30
Trim charecteristicS o ¢ o « o « « 2 o ¢ o o o o s a o o o o 31
DISCUSSION

Aerodynamnic Characteristics of Models

Varilgtion of minimrr drag coefficient with Mach nurber,- One of the
purposes of the present investigation was to determine the transonic
drag-rise characteristics of a long-range delta-wing alrplene model.
Esrlier tests of the original versicn of the airplane, the two-engine
delta-wing airplane model conducted in the Langley 16-foot transonic
tunnel, indicated a high zero-1lift drag rise. Specifically, these tests
of the two-engine delta-wing airplane model show s zero-1lift transonie
drag-rise of 0.C212 (fig. 20(a)). In an effort to reduce the transonic
drag rise of this airplane model, an ideslized four-englne delta-wing
configuration was designed to have an gxial cross-sectional grea distri-
bution almost the same as that of a parabolic body of revolution having
a fireness ratio of 9.0. This attempt at trarsonic-drag-rise reduction
was based on tke results of reference 2 which showed that the zero-lift
drag rise of a wing-body combinatiorn could be reduced by designing the
configuration to have a gradual axial increase and decrease in total
cross-sectional area and by keeping the maxinum cross-sectional areas to
2 minimur. The results of the free-flight test of the four-engine delta~
wing configuration (model 1 of ref. 1) indicated a zero-lift drag rise
of 0.0100. The valiidity of area-rule concepts in the design of model 1
of reference X was further established by achieving the same drag-rise
increment (0.0100) with a body of revolution having an axial cross-
sectiongl area distribution idertical with that of model 1. These
results led to the present design of the four-engire delta-wing airplane
models.

These four-engine models have an aree distribution approaching that
of model 1 of reference 1 or g total cross-sectional area basis. The
nondimensional area progressions of these models are presented in fig-
ure EO(b)u The difference in nondimensional cross-sectional area between
riodel 1 of reference 1 ard the present four-engine delta-wing airplane
modei with split nacelles is primarily the result of g difference in
fineness ratio between tke models (9.0 gnd 8.2, respectively). Some
difference is alsc due to a more rearward location of the maximum cross-
sectional area.
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A transonic drag rise of 0.0154 was measured for the plane-wing
split-nacelle model and 0.0175, for the same wing with Siamese nacelles
as shown in figure 20(a). Inspection of the area diagrams (fig. 20(b))
indicates thet the split nacelles have the more Tavorable area distribu-
tion and, thereiore, these nacelles should have a lower transonic drag
rise than the Siamese nacelles. Although the four-engine delia-wing air-
plane models show an appreciable reduction in drag rise when compared
with the two-engine model, they have about 50 percent higher drag rise
than model 1 of reference 1. The reason for the failure of the present
models to achieve the low (0.0100) dreg rise increment of model 1 can be
explained by noting the physical differences between the models and the
results from the present drag-breakdown tests. The physical differences
between the models are as follows:

Present Model 1

model of ref. 1
POA Wing « ¢ « « e ¢ o « « a s« s a « s o« « o o o o Yes None
Tncidence, deg « o« s« o » o a s s s s o s s o o s = 3 None
Fineness ratio (equivalent body) . « « « & o « « & 8.2 9.0
Landing-gear fairings . « ¢« « o ¢« ¢ ¢ o « o o o @ Yes None
CanopyY « e o s o @« o o o a a v o « o o o a s o a » Yes None
Canard « o o« o« o o « « @ « o« o s o o o s o« o a s @ Yes None

Wing thickness, Dercent .« o« « « « « « ¢ « « « « « 4.08 3.0
Afterbody shape . « « . « « - Slightly different diameters and slopes

The four-engine models differed glso in their distribution of cross-~
sectionzl ares in that the present models hzsd an unsymmetrical distribu-~
tion above and below the wing-chord plane (fig. 20(b)), whereas model 1
had & nearly symmetrical distribution.

The resulis of drag-breakdown tests for the pod componentis on the
plane-wing split-nacelle configuration (fig. 21(a)) indicate that the
vod wing is the chief contributor to the transonic drag rise. It adds
an increment in the rise of minimum drag coefficient of 0.0020 and, if
based on its own ares, the drag rise of the pod wing would have the
unreasonsbly high value of 0.0206. Shadowgraphs taken during the tests
indicate a shock formation near the trailing edge of the pod wing that
is not present Tor tests without the pod wing. TFairing the pod wing to
the main wing (fig. 21(a)) reduced the rise in minirmum drag coefficient
by about 0.00L0. It can be seen in figure 21(b) that the removal of the
pod wirg lowers the ares diagram slightly in a region of high slope, but
the difference in drag from srea-rule considerations would be less than
0.0020. The 0.0020 increment in drag coefiicient emphasizes the point
thet, when aerodynamic corponents are added 0 a configuration, high
local interferences may occur, sepsrstion may also occur, and for this
particular surface choking of the flow between the pod wing and the main
wing may result in added drag.

L 3
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If the increment in transonic drag rise due to the pod wing (0.0020)
is subtracted from the drag rise of the complete configuration (0.0154 for
the plane wing with split nacelles), the resulting transonic drag rise
would be 0.013L4 or 0.0034 higher than that for model 1 of reference 1.

An analysls made to evaluate the increment ix drag rise due to ezach of
the remsining physical differences between the present four-engine models
and model 1 indicated that no large drag-rise increment (none of the mag-
nitude of the pod wing at least) could be expected for any one dissimi-
laxrity and, in general, it was found that each increment was within the
accuracy of the reference data. Since the differences between the models
(other than the pocd wing) are such that an increase in drag rise for the
present four-engine models would be expected, it is believed that the
higher drag rise (compared with that of model 1) would be adequately
explained if each dissimilerity increased the drag rise by as small an
increment as 0.0005.

In general, the nacelle drag increment shown in figure 22(a) indi-
cated no adverse nacelle interference effects.

In the preceding discussion, the comparisons of the data from the
four-engine delta-wing airplane models of the present test with that of
reference 1 have been confined to the plane wing. The canmbered wing
could have been used for the comparisons alsoc since it shows almost the
same rise in minirum drag coefficient for a given nacelle installation
as the plane wing. (See fig. 20(z).)

Calculations of the zero-lift drag rise for several of the configu-
rations tested using the method of reference 6 were consistently lower
than the measured results, often by as much as 50 percent. It is believed
that the inapility of the method to glve accurate predictions is related
to the sbrupt changes in slope of the area disgrams for the configurations
being investigated, and the inability of the method to include the effects
of separated flow and choked flow. The method accurately predicted the
zexo~-1lift drag rise of model 1 of reference 1, which had g fairly smooth
cross-sectional area progression.

Variation of Cp with Mach number at Cp = 0.25.- Model 1 of ref-
erence 1 and the twe-engine delta-wing sirplane model were not investi-
gated at lifting conditions. The 1lift coefficient of 0.25 was chosen
Tor the drag-coéfficient data presented in figure 20(a ) because it repre-
sents the design 1lift coefficient for transonic cruising flight of the
four-engine delta-wing airplane mcdels. At a 1lift coefficient of 0.25,
the effect of the type of nacelle orn the transonic-drag-rise increment
is the same gs that at the minirmm drag coefficient; that is, the Siamese
nacelles on either plane cr canbered wing meintain an inerement in drag
rise of about 0.0020 over that of the split nacelles. An interesting
aspect of the transoric drag rise under 1ifting cormditions is that the
plane wing with a given nacelle has a lower drag rise than the sane
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configuration has at minimum drag coefficient. The canbered wing with a
given nacelle instellation, however, has e higher dreg rise under lifting
conditions than that of the same configuration at minimum drag coefficient.
The absolute drag-coefficlent level is lower for the carbered-wing models
at this 1ift coefficient than for the plane-wing models for the Mach num-
ber range investigated.

Effect of camber on drag coefficient.~- The benefits of camber in
reducing the drag coefficient at lifting conditions are resdily shown in
Tigure 23. In this figure, the drag coefficient of tke cambered wing has
been subtracted from the drag coefficient of the plane wing at a given
Mach number for 1if{ coefficients of 0.15, 0.20, and 0.25 and the results
plotted sgainst Mach nurber. It may be noted that, subsonically, carber
provides a reduction in drag coefficient of about 0.0040 for either
nacelle installation at a 1lift coefficient of 0.25. As would be expected,
the beneficial effect of camber on the drag coefficient decreases with
decrezsing lift coefficient. At a Mach number of 1.04, the cambered wing
still has an advantage over the plane wing but this advantage is reduced
at all 1ift coefficients.

Effect of camber on the drzg due to 1lift at a Mach number of 0.90.-
The beneficial effect of camber on the drag coefficient at selected 1lift
coefficients has been shown in figure 23 over the Mach number range. It
1s of interest to show the effect of cariber on the drag due to 1ift =2t a
Mach number of 0.90, the selecied subsonic cruise speed for this design.
Shown in figure 24 is the drag coefficient plotted agsinst 1lift coeffi-
cient for the plane and carbered wings with no nacelles, split nacelles,
and Siamese nacelles. TFor comparlson purposes, a curve representing the

2

minimum possible induced drag coefficient (ACD = %%E) is shown passing

through the point for zero-lift drag for the plane wing. It is assumed
that the zero~lift drag coefficient for the plane wing represents the
gkin-friection drag for the configuration and that the additional drag
coefficient shown for the canbered wing st zero 1ift is the increment in
drag due to twist and camber. These data show that the cambered wing
without nacelles has almost the minimum possible value of induced drag
coefficient. The data of reference 4 for a cambered delia wing of aspect
ratio 2 indicates this same result up to the design 1lift coefficient of
the wing.

There is an inecrease of about 22 percent over the minimum possi-
ble value of induced drag coefficient for both nacelle configura-
tions at a 1ift coefficient of 0.25. This increase in the drag due
to lift is probably the result of the nacelles and fuselage causing
distortion of the design elliptical span load distribution on the
wing. Reference T indicates that there should be no decrease in
the drag due to 1ift when the test Reynolds number is 10 x 106 or
greater., If the plane-wing Zerco-lift drag coefficient (0.0133) is

-
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converted to the skin-friction drag coefficient by the ratio of model
wing area to wetted area, the skin-friction drag coefficient is 0.0033.
The value of the skir-friction drag coefficient for the flat plate at
M= 0.90 and R = 10 x 105 is 0.0028 (ref. 8). This low value of skin-
friction drag coefficient thus precludes any large interferences that
might cause separation drag. Since the model with no nacelles has almost
the mirirmm possible value of drag due to 1lift, it would not be expected
that an increase in Reynolds number would result in a decrease in the
drag due to 1ift.

Veriation of (L/D) .. and CL(1/p) with Mach number.- The
: max

varietion of (L/D)psyx with Mach number (fig. 25) shows that the cam-
bered wing with either split or Siarese nacelle has a higher value of
(L/D)max than the plane wing with either nacelle, Below a Mach number

of avout 0.92, the Siamese nacelles on elther wing have a slightly
higher (I_/D)max than the split nacelles on elther wing. The highest
value of (L/D)max (that 1is, 10.7) for the principal configurations

tested occurred for the cambered-wing Siamese nacelle configuration at

a Mach number of 0.70. TFor Mach nurbers sbove 0.97, the cambered-wing
split-racelle configuration has higher wvalues of (L/D)max than the
camhbered wing with Siamese nacelles. Below a Mach number of 0.95, the
cambered-wing nacelle cornflgurations attain (L/D%max at a Cp, of
about 0.24 (fig. 25), whereas the plane-wing nacelle configurations
atteir their (L/D)ngx at a Cr of about 0.20. The added advantage of
the cartered wing 1s glso realized in noting thet its (L/D)max occurs

at nearly the cruising 1lift coefficlent of the alrcrafi.

Varietion of Ci, with Mach nurber.- In general, the varlation of
the lift-curve slope CLm with Mack number is about the same for the

four principal four-engine configurations tested (fig. 26). The 1lift-
curve slope Cr, varies from about 0.045 subsonically to about 0.05T7

near Mach rurber 1.0. Tor Mach numbers up to 0.96, the split nacelles
heve a slightly higher value of CLa than the Siamese nacelles on either

winge.

Variation of Cmg, OCm/OCy, and Cmgy_q,pg Vith Mach number.- The

zero-1ift pitching-rmoment coefficient Cmo generally shows a small nega-

tive increase with Mach number up to M = 0.95 (fig. 27). TFor Mach num-
bers higher than 0.95 and up to M = 1.0, the split nacelles on either
wing produce higher negative values of Cy. The Siamese nacelles on

elther wing, however, have lower negative values of Cp, for Mach num-
bers artove 0.95. The different trend in the variation of Cmo with Mach

- -
- —
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number for the two types of nacelles is shown in a trim analysis in &
subsequent section of this psper to have an irportant bearing on nacelle
selection.

The variation of OCp/dC;, with Mach number (fig. 28) indicates that
the four prinecipal four-engine configuretions tested are longitudinally
unstable zbout the 35-percent rean aerodynamic chord up to a Mach number
of atout 0.95. Beyond this Mach number, the configurations become stable,
with the Siamese nacelle configuration indicating the greatest degree of
stability above M = 0.98. Both the split and Siamese nacelles produce
8 destapilizing effect since the configurations without nacelles are
stable at practically all Mach numbers.

The pitching-moment coefficient at & = 0° (fig. 29) is approxi-
mately zero for Mach numbers below 0.80 and increases negatively from
M=0,8 to M= 1.0k for 21l four-engine configurations. Elevon
deflections of -2° and -L° increase the pitching moment at all Mach num-
bers for all configurations. At M = 0.90, approximately -1° of elevon
deflection would be required to trim about the 0.35¢' for the splii-
nacelle configurstions.

Effect of Elevon Deflection on Aerodynamic Characteristics
of the Four-Engine Model

Varigtion of Crg and Cn._8 with Mzch nurber.- In figure 30 the

plare-wing split-nacelle configuration shows higher lift effectiveness
than the canmbered-wing split-nacelle configuration. This increase in
1lift effectiveness parameter is attributed to the larger elevon ares on
the plane wing. The cembered-wing Siamese nacelle configuration has the
lowest value of 1lift effeciiveness parameter up to a Mach number of 0.95
but the parameter does not decrease for this configuration until a Mach
number of 0.97, whereas the plane-~ and carbered-wing models with split
nacellee show a decresse in the pararmeter sbove 0.95. This earlier loss
ir 1ift effectiveness for the models with split nscelles may be associ-
ated with shocks near the base of the outhboard split nacelle.

The plane-wing split-nacelle configuration has the largest value of
pitching-moment effectiveness parameter up to a Mach number of 0.975.
The pitching-moment effectiveness parameter follows the same trends with
Vach number as does the 1ift effectiveness parameter, the carbered-wing
Siamese nacelle configuration having the largest values above a Mach
nwber of 0.975. Theoretical considerations would indicete that the
meximum velue of these parameters would occur at a Mach nutber of 1.0
but the date indicate that, for configuretions where shocks may be
located on part of the elevons, the effectiveness of the elevons will
decrease at Mach numbers of less than 1.0.
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Effect of Mach number on elevon angle, angle of sttack, drag coeffi-
cient, and lift-drag ratio at trim.- The trim analysis presented in fig-
ure 31 for three of the four-engine configurations tested is based on g
constant 3-percent-c' static margin and a 1ift coefficient of 0.25.

At Mach nunbers above 0.90, the elevon angle required to trim the
cambered- and plane-wing models with split nacelles changed rapidly until
an elevon angle of about -5.50 was needed at a Mach number of 1.00. The
cambered-wing Siamese-nacelle configuration, however, required a rela-
tively small change in elevon angle for trim over the Mach number range.
It was noted previously that the zero-lift pitching moment for the Slamese
nacelle configurations became less negative a2t Mach numbers above 0.90.
This decrease in Cp, requires a smaller elevon deflection to trim the

cambered-wing Siarese nacelle configuration.

The angle-of-attack variation with Mach nurber at trim is about 1°
for all configurations. The canxbered-wing models, however, require a
higher angle of attack to trim than the plane-wing models.

It was noted in the discusslon of the drag coefficient at a 1lift
coefficient of 0.25 that the drag rise was 0.002 greater for the Siamese
nacelles than for the split nacelles. At trim, however, the cambered-wing
Siamese nacelle configuretion has the lowest value of drag coefficient ati
all Mach nurbers becesuse, as indicated previously, this configuration
requires less elevon deflection for trimmed flight. The drag-coefflcient
data presented in figure 31 were obtained by crossplotting the test data.

The lift-drag ratlo at trim for the cambered-wing model with Siamese
ngeelles reflects the lower drag coefficient for this configuration and
is gemerally higher over the Mach nurber range than that of the other
models,

CONCLUSIONS

An investigation of a two-engine delta-wing alrplane model with no
fuselage indentation and of two four-engine delta-wing airplane models
(the design of which was based on area-rule concepts) in the Langley
16-foot transonic. tunnel has indicated the following conclusions:

1. Tre four-engine delta-wing airplane models with favorable axial
distributions of cross-sectional area had considerably lower transonic
drag-rise increments than the two-engine delte-wing airplane model.

2. The four-engine delta-wing airplane models had cross-sectionasl
area distributions similar to an ideglized four-engine delta-wing con-
figuration with a nearly parabolic distribution of cross-sectional area
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but did not have the low minimum drag rise of the latter because of an
auxiliary pod surface in close proximity to the wing and other dissimi-
larities ineluding wing incidence of 3°, canopy, increase in wing thick-
ness, landing-gear fairings, afterbody shape, and area distributions
above and below the wing-chord plane.

3. Trhe cambered-wing models hzd higher values of maxirmum lift-drag
ratio than the plane-wing models throughout the Mach number range. For
Me.ch numbers up to 0.92, the carbered~wing Siamese nacelle configuration
had slightly higher values of meximum 1ift-drag ratio than the carbered-
wing split-nacelle configuration.

L. The carbered-wing models hed lower drag coefficients than the
plane~wing models gt 1ift coefficients from 0.15 to 0.25 throughout the
test Mach number range.

5« The carbered-wing model with no nacelles has nearly the minirmum
possible value of induced drag coefficient at a Mach number of 0.90 and
there is only a srall increase in the drag due to 1lifi when the nacelles
are added. The data indicate that there will be no reduction in drag
due to 1ift when the Reynolds number is increased above the test value
of approximately 10 x 1C°.

6. For trimmed Tlight with a 3-percent static margin and a 1ift
ccefficient of 0.25 (near the design cruising lift coefficient), the
camoered~wing Siamese nacelle configuration had highest values of lift-
drag ratio and nearly constant elevon deflection throughout the Mach
number range tested.

Langley Aeronzautical Laborstory,
Natioral Advisory Committee for Aeronsutics,
Langley Field, Va., September 15, 1955.
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TABLE I.- DIMENSIONS

Wing:
Area, 5q INl. &« & ¢ @ ¢ « o o o o
Spen, in. e e o o s e a4 a s s o a

Root chord, in. « e« o @
Length of M.A.C., in. . o -
Airfoil section (parallel to plane

Sweeppack lezding edge, deg « . . «
Dihedral . o ¢ o o ¢ o ¢ 2 o o o =
Incidence, deg .« o« « ¢« ¢ « o« o «

Aspect ratio .« ¢« ¢ ¢ & ¢ e ¢« o o &

Fuselage:
Overall length, in. e o o s s & o
Distance from nose of fuselage to
root chord, in

Meximum width, Iin. .« « ¢« « &« « « .

Pod:
Overall length, in. e 4 o 5 & & @
Distance from pod nose to leading

chord, in. .
Maximum width,

-
in, e e @ « & e e @

Nacelles:
Overall length, in. « e & a v o @
xit diameter, in. .« « ¢« ¢« « o« o .
Distance from airplane center line
line, in. ¢ s & s = & s o s e @

Vertical tail:
Total arez, 8 INe « « « ¢« o « o «
Span, in. « 6 4 e 4 o e s s e e &
Root chord, in. e o o @ 4 o« o o o
Airfoil section (parallel to root
Sweepback leading edge, deg . « « .

Pod tails:
Totel sres (one fin), sq in. . . .
Semispan, in. « e e o 8 s e o o @
Rcot chord, in. « e ¢ s s e o o a
Tzper ratio « « e e o s o o o =
Airfoil section (parallel to root
Sweevback legding edge, deg . . . «
Angle between tgils, deg . . . . .

OF TWO-ENGINE

of

leading edge of

DELTA-WING ATRPLANE

edge of wlng root

center

19

MODEL

1,728
56.721

: : 60.874
. . Lk0.583

NACA 65A00h
. . 65
. . =20 27!
. . 0
1.86

. . 80.00
. . 12.825
. . 5.980
. . 90.162
. . 21.025
« . 6.000
.« k2,621
. . 3.252
- 16.350
. . 125.271
« « 13.245
. . 18,916

NACA 65A005
25

. e 70,848
. . 9,600
. . 9.8L0
. . 0.500

NACA 65A005

52
120
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TABLE IT.~- NACELLE AND NACELLE-SPIKE ORDINATZS FOR TWO-ENGINE

DELTA~WING AIRPLANE MODEL (SE® FIG. 3)

Open nacelle
Nacelle
station Radius A | Radius B | Dimension C | Dimension D | Dimension & Internal
radius
< T[S S e e O
“2.UU0 | memmm | eceee | mmdme | mmmee | mmmee | e
T -~ 1 v
000 | wmmmm | e b mmcee | mmmee | aceea ——
« 950 1.730 0.1%5 3460 | e | cemea 1.700
2.000 1.895 . 505 3.875 | @ ee=e= | emeea 1.829
5. 000 2.265 1.135 4,876 |  —eeme | cmaea 1.969
8.000 2.485 1.595 5.555 2,485 | —-ee- 2.051
11.000 2.590 1.915 5.980 2.590 |  ——me- 2.113%
13.300 2.600 2.055 6.130 2.600 |  am—-- 2.113
16.000 2.600 2.125 6.230 2.600 | @ ————- 2.113
19.000 2.600 2.103 6.200 2.600 2.600 2.113%
22.000 2.600 2.000 6.100 2.600 2.600 2.11
25.000 2.580 1.8k9 5.913 2.580 2.580 2.066
28.000 2.520 1.655 5.640 2.520 2.520 1.989
31.000 2.430 1.410 5.273 2.430 2.43%0 1.911
34,000 2.265 1.130 L.815 2.265 2.265 1.833
37.000 2.055 .840 k.270 1.965 1.965 1.756
Lo.oco 1.780 . 530 3.628 1.305 1.305 1.678
L2.000 1.562 | —-ee- 3.125 .620 .620 1.626
NacelZe spike
Distance G Ordinate H Distance K Ordinate L
o] 0 o} 0
2.12 173 1.00 .22
2.62 .890 2.00 .50
3,12, .9k5 3.00 .69
3.62 .60 4.00 .82
L.22 .950 5.00 .89
L.62 .925 5.40 .90
5.00 . 900
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TABLE IIT.- FOUR-ENGINE DELTA-WING AIRPLANE MODEL DIMENSIONAL DATA

I. Tuselage:

Overall length, in. e e e e e e e e e e e e e e e e e e e e e e 69,60

Maximum width, pod included, in. « & ¢« « o ¢ « & ¢ + o+ o o o e e e e e .84

Maximum height, pod included, in. . . . « « + . . . . e C e e 8.86

Fuselage base area, ¢ iNe  « « « o « & + . e et e e e e e e e e e e e e e e 7.62
II. Aerodynamic surfaces:

(a) Dimensions for main surfaces and pod surfaces:

Main surfaces Pod surfaces
Dimension, unit
Wingl Vertical tail Wing Canard Tail
Span, In. .+ . ¢ ¢ 40 e a 45,49 10.58 14.16 7.12 8.53
Root chord, in. .+ « « + « 43,40 10.80 13,51 6.79 8.53
C', in- ® & s & o ¢ o & » 28-9)4' -------------------------------------------
Area, total, sq in. .« .« . . 087.26 80.00 95.67 2h.18 51.05
Area, exposed, 5Q iN. o+ o o |==cemmmmmemaen | s 68.52 9,57 | =mmemmem-m
NACA airfoil section:
Root t0 3.76T + « « « « o | 0003.L46-64,069 0005-64 | 000k4.5~64 | 000L.5-64 | 000k, 5-64
3.767 t0 ip « o o o o o & 000k, 08-63 0005-64 | 000, 5-64 | 000k.5-6k | 000L.5-6)

Leading-edge sweep, deg . . 60 50 60 60 60
Trailing-edge sweep, deg . . L e atalatel -10 10| mmmmmmmm
Aspect ratio « « 4 4 . 4 o . 2.10| (Geometric) 1,40 2.10 2,10 1.43
Taper ratio o o o o o « o 0 0.4 0 0 0.0
Incidence, deg « « « o+ « . F| mrmmmem e e 0 Of ====cemmm
Dihed.ral, deg e @ & 8 ¢ a O ---------------- 0 0 """""""""
Twist, deg « o o « o o o o o 0 0 0 0 0

lFor plane or cambered

VOVN

b

aL2ICET ¥

e
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TABLE ITI.- FOUR-ENGINE DELTA-WING AIRPLANE MODEL

Aerodynamic surfaces - Concluded:

(v) Elevons:
Area, sq In. . « « &+ ¢ &« o « &
Span, in. ¢ et s e e e e e
Root chord, in. e e 8 s e s
Root chord location, percent b/2
Tip chord, in. . . .
Tip chord location, percent b/2

Nacelles (Areas and diameters given are for one duct. ):

Overall length, in, . . « + &+ « & &
Inlet diameter, in., . + « & & &« « &

Spike area, nacelle station O, sq in.
Opike cone angle, deg .« « + « o o
Inlet area, net, sq in. « . . « . &
Exit internal diameter, in. . . . .

Bxit internal area, sq in. o v e s e e .

Spanwise location, percent L/2 . . .
Spanwise location, In. e ¢ ¢ o o
Location of inlel from nose, in, .
Angle belween chord plane and center
nacelle . . o .o 4 ¢« o o o @ s o o
Maximum nacelle cross-sectional ares,

Inlet area, total, sq in. . . . . . .
Spike diameter, nacelle station 0, in.

line of

sq in.

DIMFNSIONAL DATA - Concluded

Plane
e e e e s e e e - . T9.0L
S [« 10
. . . . .« o . 5.79
e e e . e e e o 1465
e h e e s e e . 0
. o e e e . 100
)2
Inboard Outboard
split split
. .« h0.300 64.630
. .. 9.167 1h,700
. 23, 86k 39.576
. . 0 -3
. .. 6.08 6.08

Camkered

67.60
14.80
5.79
14.65
3,26
79.70

18.667
1.800
2.5uh
0.93h
0.68

50
1.860
1.61k
2.0h6

Siamese
L5, 72h

10.400
29.592

0
13.60

cc

al2ICCT WY VOWN



() Coordinates of mean chord line.

TABLE IV.- CAMDERED WING GEOMETRY (SEE Fli. 5)

E\l'l. Jetter dimenasions are defined in fig. 5.]

(b) Coordineles of uirfoil scelion.

VOV

a

QL3IGCT W

Typleal spen Chordwise ‘fypical span statlon
Nzgg:z:::i::ﬂ stotion airfoll ordinates Y = 12.000 in,
Y = 12.000 in.
Percent Nondimeneional A, B, Ordinate,
XN zf X, in. Z, In, line ordinate in, in, in.
0 0.0286 0 0.343 0 0 0 0
OVf5 20231 210 20 .156 ,236 032 048
.035% L0196 Jh2h 255 313 352 . 0l . 068
0936 L0167 N 200 625 66 120 ,0%
0722 .01h1 . 066 .169 .9%8 567 192 116
L0011 L0119 1.094 ,1h2 1.250 .65 .256 .13k
1106 0098 1.%27 118 2,500 .902 513 185
L1504 0080 1.565 096 3.750 1.090 .59 20k
L1506 .006% 1.807 .076 5,000 1.2%0 1.025 252
A3 .00h9 2,056 .059 7.500 1,h54 1,538 .298
.192h L0036 2,300 LOh3 10,000 1.620 2,051 352
+2140 ,002h 2,569 .029 15.00n 1,84, %.076 .58
2361 . 001k 2,63 017 20,000 1.965 h.101 Jlos
2508 0007 5,106 .008 25,000 2.02h 5.126 .5
2819 , 0002 3,584 .002 50,000 2,040 6,151 B
. 3056 0 5,660 0 55.000 2,027 T1.177 6
40,000 1,988 B.202 . hoB
115,000 1.92h 9,227 %95
50.000 1.839 10,252 517
55.000 1,75 n.2r «555
60.000 1,60k 12,305 .320
65,000 1.458 13,320 .299
70,000 1.295 14,353 266
75,000 1117 15,378 .220
80.000 .92k 16, hols .189
85,000 2119 17.h29 W4T
90,000 902 18. hsh 103
95,000 .276 19.h79 .057
100.000 0 20, 504 0
1..E. radius .183 .030
Cp 20, 50h
Ca 20,507

Mg eolumn is in percent I forward of the polnt of itangency and percenl., T aft
of this point.

¢g
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TAELE V,- DIMENSIONS FOR INSOARD SPLIT NACELLE (SEE FIG. 6)

I}ll dimensions are in irches; all letter dimensions
sre defined in “igure 5|

(a)
Nacelle ordinates
Statlon
W 2.6567 5.333 8.000 10.667 14.667 17.333%
U U U U U U
o] 1.255 1.267 1.267 1.257 1.267 1.2%53
.100 1.253% 1.262 1,262 1.267 1.267 1.217
. 200 1.2ko 1.257 1.257 1.260 1.260 1.207
<400 L.2C0 1.2k0 1.2k8 1.245 1.235 1..60
<500 1,167 1.222 1.237 1.233 1.217 1.123
. 700 1.085 1.170 1.202 1.203 1.150 1.017
.800 1.0% 1.137 1177 s.182 1.123 .9h8
. 300 .937 1.095% 1.152 1.153 1.077 .858
1.000 .535 1.043 1.11% 1.125 1.018 «Th3
1.100 . 708 .578 1.072 1.070 LT 592
1.200 .530 893 1.017 1.012 .848 <357
1,258 | meeme | dmeee | cmaae | emmee | aema- 0
1.300 | .212 T80 945 %2 .18
1.220 0 | mmeme | e | emmee | eemem
1.400 .633 .850 .835 543
1.500 .368 el 693 0
1.545 0 ) memem | amee-
1.60C 478 78
1.667 0 | mee—-
:.675 0
(o) (c)
Hacelle radii Nacelle spike radii
Statica Rzsdius H Redius J Stetion Radlus
o 0.920 ¢.900 -1.000 o}
.125 932 -.500 .233
.250 .355 o 467
500 .982 . 500 .563%
687 1.067 1.000 .532
.T50 .992 1.500 Lo
1.000 .9%8 2,000 375
1.250 1.00¢ 2.500 .375
1.333 1.167 2.750 . 375
£67 1.255 3.5C0 .352
Lk, 000 1.257 4,000 .313%
16.000 1.267 1.000 k.500 .235
17.333 1.23% .915 5.000 .100
18.66 1.0ko .807 5.250 o]




TAEIF VI.~- DJMENSION3 FCR JUTPOARD SPIIT NACERLE (SEE F1G. 7)

Section A-A
Station 2 667 Station 4000 Station 5 333 Stehion 6 667 | Station 8000 Station 9333 Stotion 10667 | Station 12 000
Dimension Dimension Dimension Dimension Dimension Dimension Dimension Dimension
B c B ¢ | B c B ¢ B ¢ B C B C B C
219 1.241 221 1254 221 1.255 222 1.257 223 1.261 223 1.264 223 1.264 223 1264
436 1.199 .44 1213 .445 1.223 .448 1.231 452 1,242 454 1,248 457 1.255 457 1.255
.645 17 603 1.144 675 1,168 .685 1,187 .695 | 205 705 l.221 715 1.239 715 (239
.840 | (.00l .879 | 1.047 912 1,087 .939 1.t19 963 1147 987 1.I176 1.009 1.203 1.009 1.203 .
1.017 .853 i 088 913 1.149 964 i 196 1.003 1243 1.043 1.289 1.08I 1.335 1120 1.335 1.120
1.157 .667 1.257 726 1.339 773 1403 .810 1.469 848 1.535 928 1.601 925
1.256 457 1,364 497 1.453 529 1626 555 1.599 582 1.674 609 1.745 .635
1.317 .232 1.423 .251 1.517 267 1595 .281 1.673 .295 {.751 309 | 1.829 323
1.337 { O 1.445 |0 1 541 0 1619 [o] 1.699 | O 1.778 0 1.857 | O
Station R“‘A'“s Section B-B Section C-C Section D-D
) 920 Station 13 333 Stotion 14667 Station 17.333
1 333 | 1.180 Dimension Dipension Dimansion
2.667] 1.259 D E F [ 6 H J K L M N P qQ R
4,000]| 1.267 1.166 673 1166 673 0 007 1.669 | 907 .64 428 1142
5.333 1.161 974 | 1.165 978 067
6.667 1.13 | 1.327 133
8.000 -200 Note All letter dimensions defined on figure 7.
9.333 267
10.667 333
12,000 .400
13 333 467
14.667 533
16 000 | 1.267 600
17.333 | 1.220 667
18.667 | 1.033 733
.800
867
,933 | .840 .903
1.000 | 1.045 | 1.051
| 067 | .464 1.064
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TADLE VII.~ DIMENSIONG FOR SInMESE RACELLE AND PYLON FAIRING (SEE ¥13. £)

[:M.l dlmensions are in incheg_l

(2) Nacelle falring geomatry.

1

facclle Diotance _ 1. Radi}xs
siation Iy B ¢ D E F G
-5.333 0 o} 2 T U g e
-2.000 P43 .191 18 -1'S, J evurarouu o e O
-1.3%35 « 36k P87 . 564 0.04¢
~1.000 by .335 s 163
-.333 .5k6 k30 56 W53
0 50T 478 .605 635
1.333 .798 627 .82 1.16% LB48
1. 000 1,072 153 857 Nacelle .322
8.000 1.252 153 857 conlour 222
12,000 L2686 | eemee 827 | —eemeas 118
15.333 Lavs | e L7285 | memeee- 133
16.000 s A E—— [ G .090
18,667 ATF | e [ I N LOTT
19.000 bor | - -080 | e e el
19,653 20 | e w270 | meeneee e [
(b) Ordinates of the faired pylon at several nncelle stations, messured in s plane perpendicular 10 the nacelle center line,
Distence up Nacelle slation
from nacelle . — -
}jnuer line 17.333 18.000 18.667 19.333 19.658 20.000 20,667 21.33% 22,000 2h,000
0.167 0.06% 0.038 0018 | ememem | eeem | e} e | e | aeen
.333 .088 050 L0537 - 0.007 | = | e | e | eme-
500 117 085 058 - - T I I T o ——"
667 .1h5 112 .083 - 045 0.017 | ==m== |  memmee | ceeem
833 ATT .10 .110 - 065 0 [N [
1,000 .R08 172 138 - .092 062 | 0,005 | e——m- e
L16T | mmememe | ememe 200 167 - .120 000 | 0bF | e | eeem
1.3%5 | mmmmee } mmmme | eeeee .197 - .148 122 0.02T |  ~emw=
L5000 | meeeen | memee | e | mmee- - .178 .153 063 0,013
LE6T | e | - e e I .210 .187 .102 .052
L T e T B 223 12 .093
11!, J, W,’and U dimensions sawe as those for the split nacelle {see table 3). All letter dimensions are defined in figure 8.
w * n

9g
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Landing-gear
falirings "—\“

3 —_

=T W mw am g T

ooteer T
[ e "—_‘5@’*0583\——*
90. 162"
« Fuselage \"52

Parting line -
Pod

= 11.750"

Figure 1.~ Sketch of two-engine delta-wing
sting assembly.

o

airplane model and wind-tunnel

See table I for additional dimensions.
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L-78361

Figure 2.- Three-guarter front view of the two-engine delta-wing airplane
model mounted in the Langley 16-foot transonic tumnel.
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e 23.212
je———— 7.850 —
Dist."6 . 80 L 4910 Dtk A 3.252D:
rd.L _
Ord. H X XA R AR T X KR IR xxxxxxxxx\xxL63 +—iﬁﬁ;fz‘ r
1 v ; Fr—1
— &= - — — - —— :1E% - —
1.70 ——f« BN R NN S I .
A R R R g X R g R
S
A
Sta. (in) .950 10.510 23.200 36850 42,000
| |
5000 11000  16.000 22000 28.000 34000 40.000
Nacelle
_ Static
orifice (4) ¢ 2
N -———
e —
¢ WL
thrust 600 1270 i thrust
_—j— Wing—chord ‘3:

j«— E —— D —+

Typical section
No scale

Inboard

View A-A
No scale

plane

L b

Nacelle rake
No scale

See table TI for nacelle and nacelle spike dimensions.

Figure 3.- Nacelle and nacelle spike configuration for the two-engine
delta~wing airplane model.
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Note  Dietgmve from aone 1o 035024577

L 178

Plane wing
clevon
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~ Parting plone {reference line)

m,a_-j‘r'— "o~

“d‘\)— s s s Sy TEul N {l
—-E S e frosr] EEEEEs
\: '!;7 i F;\““~»__1_ —
1 1
. a7 4—4 Pod
1470 -
f 4549 .- D —— LA S

Figure 4.- TFour-engine deits-wing airplane model with split nacelles.
See table III for additional information. (A1l dimensions are in
inches. )
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Wing stalioh Wing statien Wing stohion

Wing stat .
I- g e 36951 ) 42741 |r‘ 43 405

—— — ¢ model o

—_—
1
1

\ oo o

1465% b/2 ‘J— ...L’

[ ¢

60°00' \\
\ 850" Y
/Chord Plane —
Wing station \”T

.
L V

Sechon D-D Section C-C

/

Wing troitling edge ——-

le— T
‘9’ " ﬁi Chord langency point
ord . -
r ?___,:-——— T _—Chord Flane — !4—)( 1 N\
i z
Meor \%—ﬂ/’—__—_ Mean—,
Chord Chord
_—‘—_-‘-‘-——
\‘__ g |~
Typical span station

{No scale)

Figure 5.- Details of the cambered-wing construction for the four-engine
delta-wing airplane model. See table IV for dimensions not given
on the figure. (A1l dimensions are in inches. )
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§ o'y — — H o
/f,% S |
R N - -
1E izl I [._.1'4_\\.1_ _r_-.l. .%. +—
Sy \ Tl L
\,_'_ % N gy
T Sl Section DD 1
becten A-A - Sechon G G
Sechon B B
{Typicel) -G =0
* 1514 L L — e e — e Y
B — _ IR ——— ]
- A P o a5’ — I
_——-“"'/ e oo
» - - — - — — 3
P ——_ T T s I == =5 »D
] ] - 7 |
il SR il — - — . [ —— — + 3 - - -
SN I e l \
\.—__:__-—‘-\l Mo e e e me = e — e — —— T &;i(y
TT—— _— NACA OGP 15.64 sachons
-64 = R f ngcell
A -8 tor ecelie pyion tahon IAEGT showrg
18667 foustion of base presswe
pnfices
Necelle slalun O

Wing «lglon 1333

Figure 6.- Geometry of inboard split nacelle and nacelle strut. See

table V for dimensions not given on the figure. (All dimensions
are in inches. )
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, - Wing leading eage

Wing fruing cdge —-——

hefrrer —————~ - ~— ¢ nacclle -64 64

i
2
n

Q
—"—L-- - l. — 4 —=Vng conbur

Sechion A-A Sechion B-B Sechon C-C
Typical for nacelle Nacelle station Nacelle station
slations 0.12000 13333 14667 Section D-D

R
l—’ A rb B |~C r—— D

Ar—:._ e e = == ..___1: e T /, ™
—_— - : — — — -~ ——¢nacelle -4 )
< > . tn
; =3 '—--——————--————-—_—_:_‘: =~
2500 1= .5-_,'_._"_‘:__‘.:__—‘ ———-\__
il sy = ,
Parting plone l ] Rear view of nacello
{Reference line) slation 1BGEY showing
-»B |-»C e D focalion of base pressure
arthcres
~IB667-
Nacelle siatign O

Wing station 17067

Figure T.- Details of outboard split nacelle. See table VI for dimen-
sions not given on the figure. (A1l dimensions are in inches. )
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Sechon A-A Section B-B
Slulion 2667 Station 10667

10944—— e S —
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5 i37 B 3200

e
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e Tl
IR
e NAGA OKiH .64 eactions
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Figure 8.~ Sketch of Siamese nacelle and strut. Bee table VII for dimen-
sions not given on the figure. (All dimensions are in inches. )
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(a) Plane wing; split nacelles. L-8173L

L-81582

(b) Cambered wing; Siamese nacelles.

Figure 9.- Three-quarier front views of the four-engine delta-wing air-
plane model mounted in the Langley 16-foot transonic tunnel test
section.
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L-81581

(b) Cembered wing; Siamrese nacelles.

Figure 10.- Front views of the four-engine delta-wing airplane model
mounted in the Langley 16-foot transonic tummel test section.
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/ ; ¥ =i . Landing E_eir fumnis
L-81731.1

(b) Pod wing mounted flush and faired into undersurfece of mein wing
(necelle removed).

Figure 11.- Bottom views of four-engine delta-wing airplane model.
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14 x 105
13 o] —
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?:'.. -Two-engine delta-wing
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Figure 12.- Veriation of Reynolds number with Msch number for the two-
engire znd four-engine delta-wing sirplane models in the Lengley

16-foot transonic tumnel.
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Figure 13.- Effect of Mach number on pod base-pressure coefficient snd
internal-force ccefficient for two-engine delta-wing airplane model.
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plane models with Siamese nacelles.
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Figure 16.- Concluded.



3 . —  o5r 06 =1 | T | T T— |-
__,_—IO - Pllane wling '_ ° I : i _L_F -,—]
1 ~—0— Gambered wing j ' 7
4—: i 04 04 —
HHHH 5 1 o -
z = — 02— —]
AN EEEENERREZ AN raunt nn
106 o1t 1412 02 g LA Ll Yoe o o S
; A P o =
104 0 AWz _ e /. 4 m |
) AT A, 7 10 0_ | |
REr e, #AH BT
10C 0O A y N 106 0 > “ i 100 O a — ™
— | g | A Wl 1/ . |1 A & -1 j_. ™o - ‘93%\__\
978 o2 - 6+ 0 o j 97§ 0 - Aa i
iy \ F
3 rA AW ARV Y - {E:M_..K‘u -
o W 1/ 7] / N S I < =
el o L P 21 A | | 95 0 SO R 5
i g { )..//E Zé/ 100 8 0 1 J‘/F‘ /—|L o5 ..:‘ B -I\n t
= . [+] — - EET‘
93-3 0 b '/{r )?/ | 97 g o} S Sl i p 93‘: 0 f — " S ﬁ
—::: |l —j(' Vil Z‘/ ,1-_1,/“ - 2 = -—— El:-’ — _.E_‘ ..E.’-i —L_
e | T | - ¥ A A g by o g , ~
NVg O— t 75 I a5 8 0 90% 0 — . T
I p ./ @ o 1 - ' Vl g B _?:g-c:rﬂ?-‘elrzzo:._ — 4
! % //; ),;/ | b L | S —!_ I ] |‘° |
85 O /_(n /7 93 0 Dl o 856:: 0 g s ﬂ’:ﬂj 1 ;
f A 1 — < — - [—— [ 2=
A o AL ] T
70— 0 T % 90 0 i P,( 70 —+0 « e "ﬂt“_ l-\
| cfr! P (A s 7y & g
s - A ) I T '
-2 ! rfféf ' 8 0 e VoW T - 02 !M I L
VA N ’ I
l [s]
-4 ——ef 70—+ 0 - 0dr- TTo % o104
+ - 'y i
n o
B Y B« B B M e N M- e sy B S S

Lift coefficient, Cy,

Figure 17.- Aerodynamic characteristics of the four-engine delta-wing air-
plane models (cambered wing and plane wing) without nacelles. & = 0°,
Flagged symbols indicate cambered-wing model.
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(a) Pod wing off.

Figure 19.- Aerodynamic characteristics of the four-engine delta-wing air-
plane model. with plane-wing split nacelles for several pod modificatlons.
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Figure 19.- Continued.
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Figure 19.- Concluded.



Minimum drag coefficient, Cp
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Figure 20.~ Variation of drag coelficlent with Mach number and cross-
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Figure 20.- Concluded.
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Figure 21.- Variation of drag coefficient with Mach number and eross-
sectional ares diagrams of the four-engine delta-wing airplane model
with plane-wing split nacelles for various pod modifications.
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Figure 22,- Variation of drag coefficlent with Mach number and cross-~
sectional area diagrams of the four-engine delta-wing airplane model
with plane wing for several nacelle configurations. & = O°.
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Figure 23.- Effect of Mach numker on the reduction in drag coefficient
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four-engine delta-wing airplane models. & = 0°.
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Figure 27.- Effect of Mach number on the zero-lift pitching-moment coef-
{iclent Tor the four-engine delta-wing airplane models. & = 0°.
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Figure 2&.- Effect of Mach number on the slope of pitching-moment coef-
Ticient against 1ift coefficient for the four-engine deltz-wing air-
plzne models. & = O°,
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Figure 30.- Variation of elevon effectiveness parameters with Mach num-
ber for the four-engine delta~wing airplane models.
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Figure %3l.- Variation of elevon angle, angle of attack, drag coefficient,
‘and lift-drag ratio at trim (maintaining a 3-percent static margin and
a lift coefficient of 0.25) with Mach number for the four-engine delta-
wing airplane models,
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